
CALIFORNIA
Fiai"»GAME



California Fish and Game is a journal devoted to the conservation of wild-

life. If its contents are reproduced elsev/here, the authors and the California

Department of Fish and Game would appreciate being acknowledged.

Subscriptions may be obtained at the rate of $5 per year by placing an
order with the California Department of Fish and Game, 1416 Ninth Street,

Sacramento, California 95814. Money orders and checks should be made out

to California Department of Fish and Game, inquiries regarding paid sub-

scriptions should be directed to the Editor.

Complimentary subscriptions are granted, on a limited basis, to libraries,

scientific and educational institutions, conservation agencies, and on exchange.

Complimentary subscriptions must be renewed annually by returning the post-
card enclosed with each October issue.

Please direct correspondence to:

Perry L. Herrgesell, Ph.D., Editor

California Fish and Game
1416 Ninth Street

Sacramento, California 95814



1

J I]

VOLUME 70 OCTOBER 1984 NgMBER4

Published Quarterly by

STATE OF CALIFORNIA

THE RESOURCES AGENCY

DEPARTMENT OF FISH AND GAME

—LDA—



194 CALIFORNIA FISH AND GAME

STATE OF CALIFORNIA

GEORGE DEUKMEJIAN, Governor

THE RESOURCES AGENCY
GORDON VAN VLECK, Secretary for Resources

FISH AND GAME COMMISSION

WILLIAM A. BURKE, Ed.D., President

Brentwood

BRIAN J, KAHN, Vice President ABEL C. GALLETTI, Member

Santa Rosa Los Angeles

NORMAN B. LIVERMORE, JR., Member ALBERT C. TAUCHER, Member

San Rafael Long Beach

DEPARTMENT OF FISH AND GAME
JACK C, PARNELL, Director

1416 9th Street

Sacramento 95814

CALIFORNIA FISH AND GAME
Editorial Staff

Editorial staff for this issue consisted of the following:

Wildlife William E. Grenfell, Jr.

Marine Resources Robert N. Lea, Ph.D.

Anadromous Fisheries Kenneth A. Hashagen, Jr.

Editor-in-Chief Perry L. Herrgesell, Ph.D.



195

CONTENTS
Page

Characteristics and Attitudes of Some Klamath

River Anglers Jeffrey L. Kershner

and Robert R. Van Kirk 196

Variability in Age Estimates in Sebastes as a Function

of Methodology, Different Readers, and Different

Laboratories George W. Boehlert

and Mary M. Yoklavich 210

Estimation of Sea Otter, Enhydra lutris, Population, With

Confidence Bounds, from Air and Ground Counts John J. Geibel

and Daniel J. Miller 225

Cleaning Behavior of the Juvenile Panamic Sergeant Major,

Abudefduf troschelii (Gill), With a Resume of Cleaning

Associations in the Gulf of California and

Adjacent Waters Richard M. McCourt
and Donald A. Thomson 234

Effects of Cattle Grazing on Selected Habitats of Southern

Mule Deer R. Terry Bowyer
and Vernon C. Bleich 240

Notes

Mortality in California Mule Deer at a Drying Reservoir:

The Problem of Siltation at Water Catchments Daniel W. Baber 248

Records of Goosefishes (Family: Lophiidae, Genus

Lophiodes) from Californian Waters Robert N. Lea,

Thomas Keating, Gilbert Van Dykhuizen,
and Phillip B. Lehtonen 250

Book Review 252

Index to Volume 70 253



196 CALIFORNIA FISH AND GAME

Calif. Fish and Game 70 ( 4 ) : 1 96-209 1 984

CHARACTERISTICS AND ATTITUDES OF SOME KLAMATH
RIVER ANGLERS 1

JEFFREY L. KERSHNER ^ and ROBERT R. VAN KIRK

Humboldt State University

Areata, California 95521

Klamath River anglers were surveyed in the fall of 1979 to determine attitudes

toward various aspects of a fishing experience. A questionnaire containing various

items relating to personal characteristics and preference in an angling experience
was administered to 257 anglers.

Seven factors or reasons for a fishing trip were identified involving sensory feel-

ings, act of fishing, escape, water closeness, catching fish, food source, and fishing
alone.

Results from the analysis of the identifying variables versus the factors indicated

that anglers over 45 showed a preference for keeping fish for food and enjoyed the

act of fishing. They showed little interest in being close to the water. People under
45 showed more interest in being near the water, but indicated little interest in the

act of fishing and keeping fish as food.

Eighty-five percent of the anglers surveyed were males. Males showed a great deal

of interest toward the act of fishing, being close to water, and fishing alone. Females
indicated that nature-related aspects were the most important in a fishing experi-
ence.

Seventy-two percent of the anglers used spinning rods and reels, 23% used fly rods

and fly reels, and 5% used open face casting reels and casting rods. Fly fishermen
were interested in being close to the water while spin fishermen showed the most
interest toward keeping fish as a food source.

Results from the regulation questions indicated users of spinning and conventional

tackle did not support reduced bag limits while fly fishermen indicated support for

reduced harvest. A "flies-only" designation to some waters of the Klamath was

supported by fly fishermen, while spin fishermen reacted negatively to the proposal.
Removal of jet boats from Weitchpec to Happy Camp was supported by 72% of all

anglers.

INTRODUCTION
Fisheries managers have long been concerned with methods of increasing fish

populations as the most effective way to satisfy the recreational fishermen.

Recent studies have shown, however, that other factors may play a more impor-
tant role in a successful sport fishing experience. Bryan (1974) found the "esca-

pism-relaxation" and "out of doors" aspects of fishing were most important to

salt water anglers. Moeller and Engelken (1972) found that elements of the

natural environment such as water quality, natural beauty, and privacy while

fishing were more important than size or numbers of fish caught to New York
fishermen. Hampton and Lackey (1976) found that fishery managers' attitude,

water quality, natural beauty, and companionship with family and friends were
the most important concerns to pond anglers in Virginia.

The Klamath River is one of the major recreational fisheries in California.

Coots (1952) estimated 100,296 angler hours were expended for steelhead,
Salmo gairdneri, during a period from September 1949, to 31 August 1950. More
recently (1980), anglers expended a total of 104,294 angler hours fishing on the

'

Accepted for publication December 1983.
^ Mr. Kershner's current address is: U. S. Forest Service, El Dorado National Forest, 100 Forni Road, Placerville,

CA 95667
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lower Klamath River alone (L. B. Boydstun, Sr. Fishery Biologist, California

Department of Fish and Game, pers. commun.).
Identification of the factors most responsible for a successful fishing experi-

ence could aid resource managers in making decisions that will improve a

Klamath River sport fishing experience.

A large river such as the Klamath presents some logistical problems in adminis-

tering a questionnaire. Mail-in questionnaires allow a large group of people to

be surveyed, but response rate can be disappointing (Phillips 1966). Duttweiler

(1976) found that mail surveys provide access to a large group of anglers and

felt that response rate was less of a problem if follow-up letters were sent to

questionnaire recipients.

Direct census of a survey group such as anglers allows the researcher to

personally contact the survey population; questions arising from the question-

naire can be clarified by the researcher and a higher response rate is usually

achieved (Babbie 1973). However, each interview takes a relatively large

amount of time and this may be a factor when a large group is surveyed ( Phillips

1966).

A questionnaire was developed to identify angler attitudes and preferences of

Klamath River fishermen. Objectives of the questionnaire were:

(i) To describe angler attitudes toward their fishing experience on the Klam-

ath River;

(ii) To describe relationships between angler characteristics and angler atti-

tudes;

(iii) To identify and evaluate current regulation issues concerning the fishery

and measure angler response to those issues.

STUDY SITE

The Klamath River originates from Lake Ewauna in south central Oregon and

flows southwesterly for approximately 421 km to the mouth at Requa, California.

The Klamath has a number of access points. U.S. Highway 101 crosses the

Klamath north of Eureka at the town of Klamath River, California. Interstate 5

crosses the Klamath approximately 18 km above Yreka, California, where it

provides access to California Highway 96. Highway 96 is the major access route

to the river and follows the river from Interstate 5 to Weitchpec, California.

Highway 96 can also be reached from California Highway 299 at Willow Creek,

California.

The study section included the area from Weitchpec to Presidio Bar fisher-

men's access (Figure 1 ). Major sampling points included public camping areas

and various fishermen's access points within the area.

MATERIALS AND METHODS
The Fisheries

The steelhead trout and chinook salmon, Onchorynchus tschawytscha, pro-

vide important sport fisheries on the Klamath River ( Kesner 1 969 ) . Two separate

runs of chinook salmon occur in the main river: a spring run fishery, which begins

in March and lasts until mid-June (U.S. Fish and Wildlife Service 1960). Because

spring flows are usually high and turbid, few people fish for these fish. A fall run
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begins in early August and lasts until mid-October. Most effort is concentrated

in the lower 10 km of the river. Salmon fishing in the study section is minimal

and directed to a few specific locations.

%
*>, Ti Bar

^ Campground

Bluff Cr.

Campground

FICURE 1 . Map of the study area. Black dots and accompanying names are major sampling points.
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The fall run steelhead is an important sport fish on the upper Klamath River

above Weitchpec. Two distinct groups of fish compose the fall steelhead run.

The "half-pounder" is a small, immature steelhead ranging from 250-349 mm.
These fish spend from 1 to 3 years in fresh water before beginning their seaward

migration. After a few months in salt water, they return to enter the river from

the first part of August until the end of October (Kesner 1969). Arrival at the

study area usually occurs near the end of August and is most prevalent from

mid-September to early November (John Grondalski, Fishery Biologist, Calif.

Dept. of Fish and Game, pers. commun.).
The second component of the steelhead fishery is the sexually maturing adult

fish that ascend the river from mid-July to early November. Adult fish arrive at

the study section in late August and continue until December. The greatest

numbers of adult fish are found in the study area from mid-September until

mid-November; after mid-November most adults have migrated farther upriver.

A pilot questionnaire was developed and administered to anglers in the fall

of 1978 to gather demographic information and assess their reasons for coming
to the Klamath River. In addition, questions concerning various regulations were
also included. Results from this questionnaire were used to develop a series of

questions related to the reasons for a fishing trip. These items were used to build

a preliminary questionnaire which contained 25 items on various aspects of a

fishing trip. The preliminary questionnaire was administered to a group of Hum-
boldt State University students. Results were analyzed to determine the clarity

of the questions and whether recognizable groups of factors could be identified.

The final questionnaire was developed in the early summer of 1979 (Table 1 ).

Identification variables included age, sex, number of years fishing, and the type
of fishing gear. Informational questions on the length of fishing trip, number of

trips per year, and the amounts of money spent per trip were also included. Items

dealing with the reasons why people fished were generated from the results of

the pilot and preliminary questionnaires.

Questionnaire Administration

Questionnaires were administered two consecutive days a week from 21

September to 7 November 1979. Sampling on 28 October was discontinued due
to heavy rains and poor fishing conditions. Sampling days were alternated con-

secutively each week to minimize the bias that might develop from weekend

sampling (large numbers of short-trip fishermen) or weekday sampling (large

numbers of fishermen who may be there for extended periods of time). For

example, if the sampling days were Monday and Tuesday of one week, they
would be Wednesday and Thursday the following week.

Sampling was conducted by driving to the start of the study section (Figure
1 ) and administering the questionnaire to available fishermen. Available fisher-

men were those anglers who were not actively fishing. This could include

fishermen at their cars, walking to or from fishing sites, or in camp relaxing.

Sampling was conducted from approximately 1000 h to 1700 h. This period
coincided with the slack period of fishing when most anglers were available at

camp or not actively fishing.
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TABLE 1. Final Questionnaire Completed By 257 Anglers.

KLAMATH RIVER ANGLER QUESTIONNAIRE
In recent years, fisheries managers have begun to study the interests and needs of fishermen

relating to their favorite waters. Information from these studies is used to develop "people oriented"

management for our fishing waters. When combined with sound biological management, the two

form a more effective management system. This questionnaire attempts to survey your reasons for

going fishing. We would appreciate your cooperation in completing this form.

Section I. General Information

(Please mark the appropriate response.

Age

Sex (Circle One) 1. Male 2. Female

Number of years fishing (Check one)

1. 1-5

2. 6-10

3. 11-15

4. over 15

( )

( )

( )

( )

Length of present fishing trip _ days

How much money do you spend on a trip on the Klamath? (Check one only)

1. Less than $25 ( )

2. $25-50 ( )

3. $50-100 ( )

4. $100-250 ( )

5. $250-500 ( )

6. over $500 ( )

How many trips do you make to the Klamath each year? (Check one)

1. 1-3 ( )

2. 4-6 ( )

3. 7-10 ( )

4. More than 10 ( )

What kind of tackle do you use most often? (Check one only)

1. Fly rod and fly reel ( )

2. Spinning rod and spinning reel ( )

3. Spinning rod and conventional reel ( )

Would you be willing to support the following regulations?

No

2. Smaller bag limits.

2. Special flies only water on some areas of the Klamath.

2. Remove motor boats from Weitchpec to Happy Camp.

Yes

1. _

1. .

1. .

Do not write in

this area.

10 11 12
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Section II.

The following statements may represent reasons why you go fishing. We ask you to identify your

priorities. In other words, what do you want from your fishing experience? The response scale is

divided into three categories. Choose the response that most accurately reflects your feeling on each

statement. Please complete all items.

High Moderate Low

.987 654 321

Interest Level

Fishing Experience High Moderate Low

Fishing by myself 9 8 7 6 5 4 3 2 1

Getting away from my day-to-day responsibilities 987 654 321

Feeling the water rush past 987 654 321

Comparing fish stories 987 654 321

Enjoying the natural beauty around me 987 654 321

Doing something besides my normal routine 987 654 321

Concentrating on the movement of my line 987 654 321

Watching the sun go down on clear water 987 654 321

Getting my limit 987 654 321

Fishing a nice piece of water alone 987 654 321

Escaping the pressures of everyday life 987 654 321

Feeling my lure working through the water 987 654 321

Wading through heavy water 987 654 321

Catching a few fish 9 8 7 6 5 4 3 2 1

Casting with my favorite tackle 987 654 321

Sitting around the campfire after fishing 987 654 321

Observing a deer crossing the water 987 654 321

Fishing with close friends 987 654 321

Landing a big fish 9 8 7 6 5 4 3 2 1

Standing in the river current 987 654 321

Watching a steelhead jump 987 654 321

Getting my tackle ready for a fishing trip 987 654 321

Observing a good friend catching a steelhead 987 654 321

Feeling the afternoon breeze on the water 987 654 321

Eating the day's catch 987 654 321

Do not write

in this area

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

78 79 80

CARD ID
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Questionnaires were given to all anglers encountered during the survey day.

Anglers were asked to complete the questionnaire and return it promptly. Re-

spondents were very cooperative; only two anglers declined to fill out the form.

However, respondents did not always complete all questions on their question-

naire.

When all available fishermen in one area were sampled, the survey moved
to the next access point downstream. This process continued until the start of

the evening fishing. Surveying on the second day began at the last survey point

of the previous day and continued downstream to the end of the study section.

Questionnaire Analysis

Responses to the 25 items dealing with "Fishing Experience" were factor

analyzed. Principal components were extracted and then varimax rotated to the

final solution. A one-way Analysis of Variance and a Multiple Classification

Analysis were performed between the identifying variables and the factor struc-

ture to examine differences in subgroups. A cross-tabulation was performed on

the I.D. variables age, gear used, and years fished versus the regulation questions

concerning bag limits and "flies only" water. A raw chi-square test was per-

formed on these data.

RESULTS

Two hundred fifty-seven anglers completed the final questionnaire. One ques-

tionnaire was found unusable and discarded.

The first objective of the questionnaire was to describe angler attitudes toward

their fishing experience on the Klamath River. Responses to the 25 items dealing

with "Fishing Experience" were factor analyzed using the techniques described

in the "Materials and Methods" section. A seven factor structure was used to

express the results (Table 2). These included factors relating to sensory feelings,

act of fishing, escape, water closeness, catching fish as a food and fishing alone.

Factor 1 (Sensory Feelings) The seven items included under this factor relate

to the natural surroundings and some associated feelings about them.

Factor 2 (Act of Fishing) describes the physical act of fishing and associated

activities such as gear preparation, and casting.

Factor 3 (Escape) relates a willingness to do something other than the normal

routine.

Factor 4 (Water Closeness) relates to the feelings of being in the water and

feeling it around you. Mean scale scores differ from the other factors in that they
show a somewhat negative response to this factor.

Factor 5 (Catching Fish) is related directly to the capture of fish.

Factor 6 (Food Source) indicates a desire to use fish for food.

Factor 7 (Fishing Alone) relates a desire to fish apart from others.

Item 4 in the questionnaire (comparing fish stories) did not relate to any of

the seven factors.

Responses from the "length of fishing trip" question were split into six sepa-
rate categories. By far the largest category was the 4-to-7 day trip length. Forty-
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seven percent of the anglers sampled were in this group. Forty-one percent of

the anglers sampled had extended stays from 1 week to 3 months, while only
12% of the fishermen were "short trip" visitors (a trip length of 1 to 3 days).

Responses concerning the expenditures on a fishing trip were tabulated. The

largest group of respondents belong to Group 4 ($100-$250) and make up 34%
of the total. Money spent on a trip to the Klamath River includes expenditures
for food, gas, and tackle, en route to the river and while on the river.

The overwhelming response (92%) to the "number of trips taken yearly"

belongs to the 1-3 trip category. Responses to the other categories of this

question were negligible.

The second objective of the questionnaire was to describe relationships
between angler characteristics ( I. D. variables) and angler attitudes (factor struc-

ture). All identifying variables were analyzed and results are discussed where

significant differences occurred.

Age
Average age of the fishermen was 49 years. Sixty-three percent of the total

sample was over 46 years of age.

Significant differences occurred among age groups and their attitudes toward
the act of fishing, water closeness, and food source factors. People under 45
showed little interest in the act of fishing while people over 45 showed significant

interest in this area. This same age group breakdown occurred in Factor 4, where

people under 45 reacted favorably to being in the water while people over 45
indicated little interest in this factor.

Factor 6 dealt with using fish as a food source. Fishermen in the 14 to 25 and
56 to 82 age classes responded positively, indicating a preference for keeping
fish for food. Fishing for food was of minor importance to fishermen in age class

26 to 55.

Sex

Eighty-five percent of the respondents were male. Significant differences were
observed in the attitudes of males and females toward some factors.

Females showed a positive response to Factor 1 (Sensory Feelings), indicating
that this was an important aspect of their fishing experience. Overall, males
showed a much less positive response to this factor, which indicates that this

aspect was of minor importance to their experience.
Males and females reacted significantly different to Factor 2 (Act of Fishing).

Males responded positively to this factor, indicating that the mechanical aspects
of fishing were an important part of their experience. Female response was
negative, indicating that this was less important to their fishing enjoyment.

Females responded negatively to Factor 4 (Water Closeness), indicating little

interest in this aspect of a fishing experience. Reaction of males to this factor was
age specific.

Factor 7 (Fishing Alone) was of low interest to female anglers. Male anglers

responded positively to this factor, indicating it was important to their fishing

experience.
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Gear Used

Seventy-two percent of the anglers were spin fishermen, 23% fly fishermen,

and 5% used conventional tackle (open face casting reels with bait casting

rods).

Significant differences were apparent in two factors when compared to the

type of tackle used. Fly fishermen responded positively to wading in the water

(Water Closeness), indicating this was important to their fishing experience.

Spin fishermen and fishermen with conventional gear showed a negative re-

sponse, indicating that this was unimportant to their experience.

The Food Source factor concerns keeping fish as a food item. Spin and

conventional fishermen reacted positively to the Food Source factor (keeping

fish), while fly fishermen indicatd this factor was of minor value.

Questions concerning regulations and regulation changes were generated in

the formative stages of the study. Three main areas of interest were indicated:

(i) changes in the bag limit; (ii) removal of jet boats; and (iii) special areas of

the Klamath to be set aside as "flies only" water.

The question of smaller bag limits drew a negative response from 61% of the

anglers. A chi-square test was performed on the variables age, years fished, and

gear used versus the smaller bag limit variable. Systematic relationships occurred

between the variables Age versus Bag Limits and Gear Used versus Bag Limits

(Table 3). All age classes except the 25 to 35 group indicated a negative re-

sponse toward decreased limits. Sixty percent of the 25 to 35 group indicated

they would favor smaller limits. Users of spinning and conventional tackle in-

dicated they would not favor smaller limits, while fly fishermen strongly support-

ed smaller limits.

Respondents were asked if they would support special sections of "flies only"
water on the Klamath River. Responses were divided between those not favoring

special areas (51% or 120 anglers) and those favoring special areas (49% or

1 1 4 anglers ) . Significant relationships occurred between the variables Gear Used

versus Fly Only water (Table 3). Fly fishermen were overwhelmingly in favor

of the special designations while spin fishermen and conventional fishermen

reacted negatively to this proposal.
The last regulation proposal involved removing motor boats from Weitchpec

to Happy Camp. Seventy-two percent (177) of the respondents were in favor

of removing jet boats while 28% (69) were opposed.

TABLE 3. Raw Chi-Square Values and Their Significance for Various Combinations of Varia-

bles.

Variable Raw

comparisons Chi-square Significance

Age vs. fly only 5.92 0.314

Age vs. bag limit 12.48 0.029°

Gear Used vs. years fished 4.90 0.557

Gear Used vs. bag limit 55.77 0.000°

Years Fished vs. fly only 41.90 0.000°

Years Fished vs. bag limit 2.72 0.437

Years Fished vs. fly only 3.21 0.361

"Significant at .01.
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DISCUSSION

Sensory feelings tovi'arcl the environment, escapism, being close to v^ater, and

solitude are by-products of a fishing experience; a fishing experience is a multi-

dimensional activity. In fact, other researchers have reported that these periph-
eral factors may be the most important reasons for sport fishing.

Hampton and Lackey (1976) reported that a minimum expectation of catch

is important to anglers. Hov^ever, water quality, natural beauty, and companion-
ship ranked above catching fish in the same survey of Virginia anglers.

Moeller and Engelken ( 1 972 ) felt that factors other than those related to catch

were equally important in a fishing experience. They recommended that the

concept of fishery management be broadened to include environmental man-

agement as well.

Factors involving catching fish, using fish as a food source, and the act of

fishing can be combined as a "fishing oriented" dimension of a fishing experi-

ence. This dimension represents the preparation for fishing, mechanical aspects
of fishing, and the capture and use of fish for food. A sub-dimension has been
identified by Bryan (1974) involving the "experience of the catch." He identifies

this aspect of the sport as "embodying the sporting, skill, and pursuit objectives
of sport fishing." Factor 2 (Act of Fishing) deals with these aspects of a fishing

experience and was important to certain groups of anglers.

Sixty-two percent of the anglers are spending over $100 per fishing trip. Much
of this money is probably spent in the local area, but a breakdown was not

available through the results of this questionnaire. The analysis of expenditures
in this study provided little insight into the economic impact of anglers on the

local community. Future studies on angler expenditures could provide useful

information to local businesses and resource managers.
The age structure of the anglers had a significant effect on camping use and

the reasons why people fish. The average age of the fishermen (49) and the

percentage of anglers over 45 years ( 63% ) would indicate the dominance of this

group on the river. Seventy-percent of this age group stayed over 1 week and
28% stayed from 30 days to 90 days.

This age group had significantly different reasons for going fishing than did

younger anglers. Preparation of tackle and the mechanical aspects of fishing

were important to this group (excluding females). The sensory feelings toward
nature were not significantly important to males, but were an important part of

the females' experience. This is not consistent with results found by other re-

searchers. Canadian salt water anglers indicated that nature-related aspects were

highly important to their fishing experience (Bryan 1974).

Since most of the anglers in this group were spin or conventional gear fisher-

men, they are able to fish most of the water from the bank and have no need
to wade. Many of these anglers did not have proper wading attire and expressed
a fear of the river.

Anglers from 14 to 25 years and over 56 years considered fish as food an

important aspect of their fishing experience. Findings for the younger age group
are consistent with those described by Bryan (1974), but older anglers in Bryan's

study indicated that the fish-oriented dimension of their experience was the least

important. Many older Klamath River anglers were observed using the smoke-
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house at Bluff Creek Campground. Anglers also had set up canning facilities in

the campgrounds. Many people indicated that smoked and canned fish were an

important food source throughout the rest of the year.

The escape factor has been identified by other researchers as important in a

fishing experience. My conversations with anglers indicated that those who were

not retired felt the need to get away from their normal routine and relax. This

was important to their experience. On the other hand, many retired anglers felt

no strong identification with the escape factor. Many felt that they had nothing

to escape from and that responsibilities they once held were no longer impor-

tant.

Females had different interests in a fishing experience than did males, indicat-

ing that the nature-related aspects of a fishing trip were the most important; that

they showed little interest in other areas. Most of the women surveyed were

accompanied by males and none was observed fishing alone.

Differences between spin fishermen and fly fishermen were apparent in re-

gards to the wading factor and the food source factor. Spin fishermen on the

Klamath are able to cover much of the fishable water from the bank. Fly fisher-

men usually are limited by the distance they can cast and must wade further to

cover the fishable water. All fly fishermen observed on the river were actively

wading. This familiarity with the river may be the reason fly fishermen rate

wading so highly as part of their fishing experience. Fly fishermen were much

younger as an age group and this also could account for the importance of this

factor.

Responses concerning the factor "fish as food" and the regulation question

on reducing the bag limits were different between spin and fly fishermen. Spin

fishermen rated the food aspect of fishing as important to their experience and

opposed lowering the bag limit. Fly fishermen rated fish as food low in impor-

tance and favored reduced bag limits. Philosophical differences between the

two groups probably account for the disparity. The popularity of no-kill regula-

tions and reduced bag limits has increased in recent years (Schwiebert 1979).

Fly fishing publications and fly fishing clubs throughout the country have been

active supporters of such regulations and recently supported legislation estab-

lishing no-kill waters in California (Fly Fisherman 1980). Information supporting

reduced bag limits and no-kill regulations is made available to the public by the

fly angling fraternity.

The intent of the reduced bag limit question was to determine how wide-

spread the attitudes favoring reduced harvest were. Results in this study suggest

that the majority of spin fishermen in this study did not support reduced bag
limits.

The possibility does exist to establish certain stretches of water for limited or

no-kill status. This may satisfy both groups of anglers, but would provide an

enforcement problem for the California Department of Fish and Game. The

same type of regulation could be provided for "flies only" water provided that

enough support exists. This support was not evident in the spin fishing group,

but was well supported by fly anglers.

Fisheries management encompasses three primary areas: the biology and life

histories of fishes, the preservation and management of habitat, and manage-
ment of anglers. Traditionally, fishery managers considered fish numbers in the
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creel as the bottom line in managennent programs. This survey, as well as many
similar studies, has shown that a variety of factors are involved in a successful

fisheries program.
The fishing public is to a large degree responsible for the fiscal management

of our resource agencies through tax revenues and license fees. Questionnaire

surveys allow these anglers to voice their opinions on various management
issues.

Issues that involve the management of a fishery, such as reducing the bag limit

may be unpopular to certain groups of anglers, but may also be necessary to

maintain a healthy fish population. By knowing public sentiment, managers can

address these issues in public forums or by other means to help the public

understand the reasons behind such regulations.

Questionnaires also provide a means to identify conflicts between various user

groups. Spin fishermen and fly fisherman in this survey reflected different

philosophies on a sport fishing experience. By recognizing differences between

various user groups, fishery managers are better able to generate programs that

meet the needs of each group.
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VARIABILITY IN AGE ESTIMATES IN SEBASTES AS A
FUNCTION OF METHODOLOGY, DIFFERENT READERS,

AND DIFFERENT LABORATORIES '

... GEORGE W. BOEHLERT^and MARY M. YOKLAVICH
College of Oceanography and Marine Science Center

Oregon State University
; Newport, Oregon 97365

Age was determined in the fast growing canary rockfish, Sebastes pinniger, and
the slow growing splitnose rockfish, 5. diploproa, by different Eaboratories, tech-

niques, and readers. Variability between agencies depended upon method and spe-
cies. For 5. pinniger aged by both laboratories, whole otolith ages were similar,

whereas the otolith section ages greatly exceeded those of whole otolith ages. Clear

differences were noted for the slower growing 5. diploproa; whole otolith ageing
methods differed between the two laboratories, with much greater ages for larger

specimens assigned by one laboratory. These older whole otolith ages showed
similarities to the otolith section ages for this species, but still did not reveal the

longevity noted with sections. We suggest two areas where improvement in preci-
sion of age determination is necessary. First, a consensus on ageing methodology
(whole versus sectioned or broken and burned otoliths) is necessary to allow mean-

ingful comparisons between readers. Secondly, mechanisms to allow comparisons
between agencies or laboratories are necessary to provide ages which are, at the

least, consistent, for use by fisheries managers.

INTRODUCTION
Using otoliths to define annuli and estimate age in fishes is difficult for several

reasons. For fast growing species with clear otoliths, a consensus of different

readers on age may be obtained, but for longer-lived species, age determination

becomes more difficult and subjective (Williams and Bedford 1974, Maraido
and MacCrimmon 1978). The genus Sebastes is characterized by species with

a great range of longevity, from maximum ages of about 4 to 5 years in 5.

emphaeus (Moulton 1975) to in excess of 80 years in several deeper living

species (Beamish 19796; Bennett, Boehlert, and Turekian 1982). In the longer-
lived 5. marinus and 5. mentella, Sandeman (1961 ) noted only 9% agreement
between readers; as expected, variability between readers increased with in-

creasing age.

Different methods may also produce different results; ageing of Sebastes spp.
has been conducted with scales (Phillips 1964), whole otoliths (Westrheim

1973, Boehlert 1980), and otolith sections (Beamish 19796). Westrheim and

Marling (1973) compared whole otolith versus scale methods for 5. alutus and
noted older ages from otoliths. Bias between readers in the same laboratory,

using the same methods, is likely to be less than between agencies or laboratories

(Kimura, Mandapat, and Oxford 1979). If, as on the Pacific coast, several

agencies routinely age the same species, problems may arise for management
in interpretation of the appropriate ages to use.

Whole otoliths are commonly used by management agencies in assessing age
structure of a population. Several studies have indicated that a certain amount
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of bias is introduced with this method, especially where older individuals of the

species are concerned. Growth of an otolith is a function of age as well as length

of the fish. The otolith increases in length up to a given size of fish, after which

it ceases to increase in length or width but continues to increase in thickness with

age (Blacker 1974, Templeman and Squire 1956). This thickening occurs on the

internal surface of the otolith, particularly in slow-growing, long-lived species.

Relying solely on whole, surface ageing of the otolith's external surface will

therefore neglect this cap of additional material. Certain investigators have found

that using a section from an otolith reveals these internal banding patterns and

suggest maximum ages which are double or even triple those estimated with

whole otoliths (Sandeman 1961, Beamish 1979a and 19796); that these older

ages represent true ages has been demonstrated for Sebastes diploproa using

natural radionuclides in otoliths by Bennett et al. (1982). Because management
agencies are currently reassessing ageing techniques for rockfishes, a compari-
son of some of the alternative ageing methods and the variability within and

between methods is desirable. In the present study we investigate deviations in

estimated age of 5. diploproa and 5. pinniger as a function of different readers,

different laboratories, and different methodologies.

MATERIALS AND METHODS
Sebastes diploproa and 5. pinniger were sampled at depths from 32 to 205 fm

by the chartered vessels F/V PAT SAN MARIE and F/V MARY LOU during the

1980 West Coast Groundfish Survey conducted by the Northwest and Alaska

Fisheries Center, National Marine Fisheries Service. Gear, sampling techniques,

and shipboard methods generally followed Gunderson and Sample (1980).

Sagittal otoliths were collected from fish captured in all hauls until sufficient

numbers of specimens in specified length categories were obtained; very large

and very small individuals thus represented a higher proportion in our sample
than in the population. Specimens were numbered consecutively, as taken,

within sexes. Vessel, leg, haul, sex, and fork length (to the nearest 0.1 cm) were
recorded for each specimen. Additional information on each haul included

latitude, longitude, and bottom depth. Both otoliths were removed, cleaned, and

stored in individual, labelled vials containing 50% ethanol.

General information on otolith morphology and whole otolith ageing me-

thodology in Sebastes is described in detail by Kimura et al. (1979). Whole
otoliths for both species in our study were read with a dissecting microscope at

lOx under reflected light. Otoliths were immersed in water on a black back-

ground. Generally, the best area to read was on the exterior surface of the whole

otolith, from the focus to the dorsal edge. With fish older than approximately
12 yrs, a prominant annulus was followed to the posterio-dorsal or posterior

region, where subsequent annuli were counted due to compression of annuli in

the dorsal area. With older fish, particularly for 5. diploproa, the whole otolith

was rolled or tilted to enumerate annuli on the outer-most projections in the

posterior region (Figure 1).

A single whole otolith age was determined for each specimen of 5. diploproa

by Oregon State University (OSU) reader A and 5. pinniger by OSU reader B.

Fish length remained unknown to all otolith readers, as recommended by Wil-

liams and Bedford (1974), among others, to minimize bias in otolith reading. A
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second whole otolith age was assigned approximately ten weeks after the initial

age assignments to determine within-reader differences. Further, for 5. diplo-

proa, whose otoliths are more difficult to read, one additional whole otolith age
was determined by OSU reader C for an estimate of between-reader variability

within an agency. After these ages were determined the entire sample of each

species was sent to a different age reading laboratory (reader D) to establish

inter-agency variability in whole otolith ages.

FIGURE 1. A. Exterior surface of the left otolith from a 308 mm fl male Sebastes diploproa (8X).

The whole otolith age from OSU is 32 yrs. Readings were made from the focus to the

dorsal edge (d — axis), continuing along a prominent annulus around to the posterio-

dorsal (pd) axis. B. Enlarged portion of the posterior projections (w), showing addi-

tional annuli not apparent on the dorsal axis (32X).

The left otoliths of both species were subsequently prepared and sectioned

as described by Boehlert (1984). Annuli of specimens younger than approxi-

mately 20 yrs were counted on a dissecting microscope using either transmitted

or reflected light. The narrow annuli in otoliths from older fish were discerned

using transmitted light on a compound microscope at approximately lOx. The

ages were determined from the transmitted image on a video screen, for ease

of enumeration on older fish. Annuli on the dorso-ventral axis, from the focus

to the dorsal edge, are often split on otolith sections, making it difficult to identify

the first several true annuli. For this reason, 25 whole left otoliths from 5. pinniger
and 50 from 5. diploproa were selected, and distance was measured from the

focus to accepted annuli (complete rings surrounding the focus) for approxi-

mately the first eight years. These measurements were used to identify the

location of corresponding annuli on the same axis of the sectioned otolith and
showed that our interpretation of annuli was similar between methods for young
fish. By following these annuli to the internal, dorsal surface, only a single growth
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zone was observed, as noted by Sandeman ( 1 961 ) ; checks or false annuli found
on the whole otolith either disappear or combine on this axis. Section ages were

subsequently determined as described in Beamish (19796). Section ages for

both species were determined twice for each specimen by OSU reader A,

approximately one month apart.

Since true age is not known with certainty for any otolith, initial whole ages
determined by reader A for 5. diploproa and by reader B for 5. pinniger were
considered as "standard age". Initial section ages by reader A in both species
were considered "standard". To conduct multiple comparisons of variability,

deviations from standard age were defined as shown in Table 1, where group
1 is the difference between independent ages determined by reader A for 5.

diploproa and by reader B for 5. pinniger, group 2 (for 5. diploproa) is the

difference between standard whole age and that determined by reader C, group
3 compares standard whole otolith age with the age determined by reader D,

group 4 is the difference between independent section ages determined by
reader A, group 5 is the difference between standard section and standard whole
otolith ages, and group 6 is the deviation of reader D whole age from standard

section age. Deviations were normally distributed. A one-way analysis of vari-

ance ( ANOVA) was used to compare these deviations for each species and sex.

Multiple range testing was conducted using the Least Significant Difference

method (p = 0.05) (Tables 2, 3, 4, 5).

TABLE 1. Identification of the Deviations of Standard Age to Define the Croups in Statistical

Comparisons of Deviations.

Croup Croup definition

1 whole otolith within-reader variation

2 between reader variation (5. diploproa only)

3 inter-agency variation

4 section within-reader variation

5 between-method variation

6 between-method-between-agency variation

TABLE 2: Results of One-Way Analysis of Variance and Multiple Range Test Comparing
Deviations in Age of Sebastes Diploproa Females Determined by Different Read-
ers and Methods. (Croups are defined in text and in Table 1.)

Analysis of Variance

Source D.F. Sum of squares Mean squares F P

Between groups 5 6912.87 1382.57 41.78 <.001

Within groups 1718 56854.99 33.09

Total 1723 63767.86

Croup N Mean Standard deviation

1 290 0.217 2.018

2 290 -0.728 3.697

3 282 3.206 6.028

- 4 290 -0.024 2.156

5 290 2,007 6.711

6 282 4.993 9.831

Multiple range test (Least significant difference, P = .05)

Group 2 Group 4 Group 1 Group 5 Group 3 Group 6
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TABLE 3: Results of One-Way Analysis of Variance and Multiple Range Test Comparing
Deviations of Age in Sebastes Diploproa Males Determined by Different Readers
and Methods. (Groups are defined in text and in Table 1.)

Analysis of Variance

Source D.F. Sum of squares Mean squares F P

Between groups 5 7784.99 1557.00 36.97 <.001

Within groups 1466 61733.50 42.11

Total 1471 69518.49

Croup N Mean Standard deviation

1 246 -0.138 1.907 :...''

2 246 -0.537 2.669 .. ^
3 244 2.598 4.972

4 246 0.126 2.445

5 246 3.427 8.595

6 244 5.865 11.746

Multiple range test (Least significant difference, P — .05)

Group 2 Group 1 Group 4 Croup 3 Group 5 Group 6

TABLE 4: Results of One-Way Analysis of Variance and Multiple Range Test Comparing
Deviations of Age in Sebastes Pinniger Females Determined by Different Readers
and Methods. (Groups are defined in text and in Table 1.)

Analysis of Variance

Source D.F. Sum of squares Mean squares F P

Between groups 4 1345.59 336.40 46.72 <.001

Within groups 600 4322.49 7.20

Total 604 5668.08

Croup N Mean Standard deviation

1 121 -0.050 0.717

3 121 1.413 1.838

4 121 0,017 3.152 -
.

5 121 2.455 . 3.209 ; ..

6 121 3.868 3.449

Multiple range test (Least significant difference, P = .05)

Croup 1 Croup 4 Group 3 Group 5 Group 6
 ' ''

RESULTS

Sebastes diploproa
The sample of 5. diploproa otoliths was comprised of 290 female and 246 male

specimens. This sample was representative of the age, length, and latitudinal

distribution of otoliths described in Boehlert ( 1 984 ) . Standard whole otolith ages
ranged from < 1 to 56 yrs for female and 1 to 40 yrs for males. Length frequencies
and corresponding age distributions resulting from the various sources of age
estimation were tabulated (Table 6). Females were generally more abundant in

the large size categories. Mean ages-at-length, both for the females and males,
showed distinct differences when comparing whole otolith age estimates from
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different laboratories. Mean OSU ages were consistently lower than the other

agency for the smaller, younger fish and were higher for those older and larger

fishes (Table 6).

TABLE 5: Results of One-Way Analysis of Variance and Multiple Range Test Comparing
Deviations of Age in Sebastes Pinniger Males Determined by Different Readers

and Methods. (Groups are defined in text and in Table 1.)

Analysis of Variance

Source D.F. Sum of squares Mean squares F P

Between groups 4 8779.49 2194.87 101.66 <.(X)1

Within groups 850 18350.47 21.59

Total 854 27129.96

Croup N Mean Standard deviation

1 171 -0.029 0.747

3 : 171 -0.310 2.812

4 171 0.836 3.665

5 171 6.813 7.065

6 171 6.503 6.011

Group 3 Group 1 Group 1 Group 4 Group 6 Group 5

Reader variability in all comparisons generally increased with increasing fish

length (and therefore age), and was greatest for older, larger females. The mean
deviation in whole otolith ages between agencies as a function of whole stand-

ard age for both male and female 5. diploproa { Figure 2) was much greater than

either within or between reader differences within one laboratory. Up to age 10

for both sexes, OSU ages were more conservative than those of the other

laboratory, resulting in negative deviations. After age 10, OSU whole ages were

increasingly greater, up to a mean maximum deviation of about 30 yrs for the

oldest females and 19 yrs for males. The negative deviations at younger ages

could result from different interpretations of assumed annuli; OSU readers iden-

tified only complete rings as annuli, as compared with false annuli or checks, for

the first several years of growth, although the first growth bands are admittedly

difficult to interpret. The deviations at older ages are due to the inclusion of

annuli on the posterio-dorsal projections of the otolith in the OSU age estimates

(Figure 1 ).

Otolith section ages for 5. diploproa were generally greater than whole otolith

ages. Within-reader deviations for otolith section ages were similar to within and

between-reader whole age deviations. Deviations were great when comparing
section and whole ages. For both males and females, the mean deviations of

whole from section ages at OSU were low for the first 30 yrs and began to

diverge after this age (Figure 3). Maximum deviations were greater for males

than for females (51 yrs and 29 yrs, respectively). Females grow faster than

males and their otoliths are clearer. Annuli are easier to discern for older females

on the surface of the whole otolith. The deviations of whole age from section

age are therefore smaller in females. Moreover, from whole otolith estimates.
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females appear to be older than males, whereas maximum ages estimated from

sectioned otoliths reveal an opposite trend (66 yrs for females and 74 yrs for

males).

Inter-agency differences between standard OSU section age and whole age
from another laboratory as a function of standard section age ( Figure 4) showed
a pattern similar to that for section-whole deviations within an agency, with a

few important exceptions. Mean deviations at ages greater than 10 yrs are

greater in the inter-agency comparison and are negative at ages less than 10 yrs.

This further emphasizes the difference in ageing criteria used between laborato-

ries. In addition, the deviations diverge from zero at a much lower age; that is,

divergence is at 10 yrs for inter-agency and 30 yrs for within-agency compari-
sons, reflecting the older whole otolith ages determined by OSU.

Sebastes pinniger

This study utilized 121 female and 171 male 5. pinniger otoliths. As with 5.

diploproa, females were more abundant in the largest size categories (Table 7),

apparently due to their faster growth rate (Boehlert 1980, Boehlert and Kappen-
man 1980). Standard whole ages ranged from 2 to 22 yrs for females and 2 to

25 yrs for males. Mean ages-at-length were generally higher for OSU estimates

when compared with the other agency (Table 7).

Otoliths of 5. pinniger are generally clearer, easier to read, and this species
does not reach the ages attained by 5. diploproa. As expected, mean interagency
differences in whole otolith ages were minimal when compared with those of

the more difficult to read 5. diploproa otoliths. Moreover, although section ages
were generally greater than whole ages, the magnitude of this deviation was not

as great as that observed for 5. diploproa. This reflects the greater clarity and ease

in surface reading of 5. pinniger otoliths (Figure 5).

Mean within-reader differences were similar in both whole and section age
comparisons. Inter-agency differences between OSU standard section age and
whole age from the laboratory were similar to within-agency differences of the

same comparison; this results from closer estimates of whole ages between

agencies. Considering this comparison (between methods), deviations were

high but less than those for 5. diploproa. Maximum between-method deviations,
from OSU as well as the other laboratory, were higher for the slower growing,

longer-lived males, as observed for 5. diploproa.

One-way analyses of variance demonstrate significant differences between
the sources of deviations in age for both males and females of both species of

Sebastes (Tables 2,3,4,5). Multiple range testing suggests that mean within-

agency sources of deviation for 5. diploproa (including within-reader for both
whole and section ages and between-reader) are similar and significantly less

than inter-agency deviations. Consequently, precision in age determination can
be high among readers within one laboratory, but can decrease greatly when
comparing ages between laboratories. These results also suggest that precision
is highly dependent upon the method used in age determination, with compari-
sons of ages derived through different methods by different laboratories resulting
in the greatest deviations.
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diploproa (N = 246).

For 5. pinniger, multiple range testing demonstrated similar trends, with devia-

tions in age being greatest when comparing methods both between and within

agencies. Inter-agency deviations are relatively low, however, when comparing
whole ages from these clear, easy-to-read otoliths.

DISCUSSION
This study does not conclude that assigned ages are accurate, since age

validation is beyond the scope of this study. It does suggest that age determina-

tion using whole otoliths will not adequately represent the age of most 5. diplo-

proa beyond 30 yrs and 5. pinniger beyond age 10 yrs. Section ages seem to

more accurately define the age composition of a population, particularly in the

case of longer-lived species with difficult-to-read otoliths (Bennett et al. 1982).

It would therefore be beneficial to examine otoliths from other species of rock-

fish to determine at what age, if any, it becomes necessary to section the otolith

to estimate the true age of the fish. A method which provides results similar to

sectioning is the break and burn technique, as described by Chilton and Beamish

(1982). This technique, which also involves examination of an otolith cross

section, may be more amenable to production-type age determination than the

sectioning methods used in the present study. In the genus Sebastes, however,
it is apparent that these greater ages exist in a wide variety of species (Shaw and

Archibald 1981).
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Differences between otolith section ages and whole otolith ages from another agency
for male Sebastes diploproa (N = 246).

It is clear from our results that an important part of the populations of both

species is significantly underaged using the whole otolith technique, particularly

by the other laboratory (Figures 3,4,5). An important point to note from these

data is the fact that the deviations for males are generally greater than those for

females. Female Sebastes grow faster than males for most species ( Boehlert and

Kappenman 1 980, Westrheim and Marling 1 975 ) and are therefore characterized

by otoliths which have broader, clearer annuli on whole otoliths to a greater age.

Thus, the age at which the otolith growth occurs only as "caps" on the internal

surface will be greater for females. Using whole otoliths for age determination,
the females will appear to be older than the males whereas the opposite is

actually true based upon section age (Tables 6 and 7) . The systematic bias which
is introduced by using whole otolith ages is therefore compounded by differ-

ences in the error of longevity estimates for males and females.

These older fish represent an important part of the population which should

not be ignored. Hirschhorn (1974) argued that excluding older, difficult-to-age

individuals from growth analysis for the population can have detrimental effects

upon estimates of von Bertalanffy parameters. For production modelling or stock

analysis purposes, unbiased errors in age determination, particularly for older

segments of the population, will have little effect, whereas systematic bias in
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FIGURE 5. Differences between section age and whole otolith age determined by another agency
for male Sebastes pinniger (N = 171 ).

ageing may give rise to serious errors (LeCren 1974). Thus, the systematic errors

introduced by using ages determined from whole otoliths will negatively affect

production models. Calculations of both natural and fishing mortality will clearly

be in error, and use of such age data in cohort analysis or virtual population

analysis will result in inaccurate cohort strength estimates.

It is difficult to define the causes of the systematic error between agencies.

Some error may arise from method alone. Use of different magnifications, for

example, may result in different visibility of annuli. Reading otoliths with trans-

mitted versus reflected light, in aqueous media versus dry, or other minor

changes in method may result in such systematic differences. Methodological

problems will be easiest to solve. Differences in interpretation are more difficult

to address. Ages determined within agencies may show high precision and

repeatability, but differ significantly from ages at another agency. This suggests
that training and frequent cross-checking can solve the problems between agen-
cies.

This study represents an effort to consider the errors inherent in ageing rock-

fish based upon reader variability, method variability, and agency variability. We
concur with Kimura etal. (1979), that variability among agencies is greater than
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that between readers in the same laboratory. We suggest that significant effort

be placed upon minimizing variability betv^een agencies. A necessary first step

to this goal will be standardization of methods and equipment for ageing each

species. Within each species, common interpretation of criteria for defining

annuli must be developed. Achieving this goal will initially take a great deal of

uniform training and interagency calibration. Continued communication among
otolith readers of different agencies, while expensive in time and travel, will

ultimately result in more effective fisheries management.
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Various methods have been used since 1938 to estimate the sea otter population
off of central California. The method presented here is similar to a single mark and

recovery experiment in which airplane observed otters are "marked" and shore

observed otters consist of recoveries of "marked" otters (those seen from the plane)
and "unmarked" otters (those not seen from the plane). From these data, total

population can be estimated and variance calculated. Biases inherent in this model
will result in conservative estimates of the population.

INTRODUCTION
The sea otter in central California has returned from a population of around

50-100 animals in the early 1900's to presently estimated levels of about 1800

to 2000 (Miller 1980). Before the initiation of the California Department of Fish

and Game (CDFG) sea otter research project in 1968, counts of portions of the

range and total censuses were made from shore and by airplane (Miller 1958,

Boolootian 1961, Carlisle 1965). The first total census was made in 1938 by
Donald McLean (CDFG), from shore.

From 1968 to 1970, 14 aerial censuses were made by Melvin Odemar and
Kenneth Wilson of CDFG. On three of these flights aerial counts were compared
with shore and boat counts in certain sections of the flight coverage (Wilson

1968a, 19686; Odemar 1969). These initial aerial-ground comparisons revealed

that to over 40% of the animals could be missed by the aerial observers. There

was a higher degree of undercounting from the air on bright sunny and windy
days and when the otters were rafting in dense bull kelp canopies (Nereocyctis).
These ground-aerial comparisons were either not conducted on the same day
or were tallies of animals scattered over extensive areas and were not simultane-

ous counts of isolated single groups of animals. Therefore, part of the inconsist-

ency in counts was probably due to movement of animals in and out of the aerial

and ground comparison areas between the time comparisons were made by
observers. Aerial counts were completed in a few minutes and the ground count

sometimes took several hours. On other surveys observations were made a day
apart.

Wild and Ames (1974) converted aerial counts to population estimates by
using subjective adjustments for their tallies based on flight conditions. In 1973,

, 'Accepted for publication October 1982.
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Daniel Miller organized an intensive ground-truth operation in conjunction with

a routine aerial census (Wild 1973). Thirty-four ground-truth stations were

utilized to record single groups of otters as the plane flew over. These direct

comparisons revealed that in these thirty-four stations the aerial observers tallied

62% of the animals recorded by the ground counters. In 1974, two more cen-

suses were made and the aerial counts were 71% and 60% of the animals

recorded in the ground-truth stations. Total population estimates were made

using a direct ratio method based around size grouping of otters (California

Department of Fish and Game 1976). A group was loosely defined as otters in

close proximity to one another. The ratios (air/ground ) were compiled by group
size and a least squares regression was fit to these data. The aerial counts for

the entire census were tallied by group size and adjustments were made based

upon the regression. A model similar to this method was developed by Samuel

and Pollock (1981).

It seemed reasonable to take group size into account because individuals or

small groups of otters would be easier for air observers to miss than would larger

rafts of animals. This method assumed that ground observers counted all otters

in their area. It was known that ground observers missed animals, but since no

empirical methods had been developed to estimate this value, it was assumed

to be zero. An exception to this assumption occurred in a few areas where air

observers saw animals which had been missed from the ground. These animals

were added to the ground count. The direct ratio model gave the first estimate

of the California sea otter population with confidence limits.

There were two known sources of error in this model. The first was the

assumption that ground observers counted all animals. The second was the

ranking of otters by group size. Otters seldom form well defined groups and it

was often an arbitrary decision as to whether rafting otters in a kelp bed formed

one large group or three or four smaller but contiguous groups. Likewise, on

several occasions the airplane on the first pass frightened a large group of rafting

otters scattering animals so that on subsequent passes, smaller groups and sepa-

rate individuals were seen by observers.

The problem of determining group size is subjective and does not lend itself

to a reliable analytical solution. However the number of animals missed by

ground observers can be estimated from the few cases when aerial observers

saw animals that ground observers missed. Using the 1976 sea otter census, we

developed a method of estimating the percentage of otters missed by ground
observers. With simple substitution, we found that this method could be used

to estimate the percentages missed by aerial observers with the advantage of

eliminating the need for ground observers to count all animals in their areas. In

addition we found it unnecessary to rank otters by group size.

This model is close to the ratio method and in fact when ground observers

miss no animals, the two methods would give identical results. However, from

the 1975 and 1976 census, it appears that ground observers miss 10% to 17%
of the animals in their areas (Table 1 ).

In our analysis of the 1975 census, when air observers counted an animal that

was missed from the ground, that animal was added to the ground count in that

area. However this cannot account for animals missed from both the plane and

the ground. If the plane misses about 30% to 40% of the animals, then the plane
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should also miss about one out of three animals that the ground observers miss.

This would result in the total ground count being low by 3% to 6% (Table 1 ).

Resultant ratio estimates (air/ground) would then be high leading to small but

consistent under-estimates of the total population size. The ratio could be adjust-
ed to take this into account, but then we would be working with combined
variances: the variance around the air count and the variance around the ground
count.

The method developed for analysis of the 1976 census avoids the problem of

estimating animals missed by ground observers and combining the variances to

calculate confidence intervals around these estimates. In addition, biases that

would result in inaccurate population estimates are the same for either method.

Any animals that are not visible to both air and ground observers will not enter

into the result. In essence, we could divide the total population into two groups:
those that are visible and those that are not visible. The census would only be
able to estimate the visible group no matter what method is developed or used

for analysis. Hopefully most otters are visible to ground or air observers.

TABLE 1. Percentage of Observed and Total Estimated Otters Counted by Ground and Air

Observers in Ground Truth Stations

Observed Total estimated

Percent

Percent Percent Percent Percent by Air

by by by by and
Date Ground Number Ground Air Number Ground Air by Ground

14 277

15 334

16 369

14-16 980

297
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Pii and P2, are the probability of including an animal in the count from the air

and ground respectively in ith subarea, and

mi Is the animals seen in common by both air and ground observers in the

ith subarea. The following relationships hold;

PiiN;
=

n;, p2iN, = n2, and PrP2H =m,

Rearranging terms and substituting v^e get

P2i
= n2/N;, p,i (JhL^i Ni = m.

(-^)
or Pii

= mi/n2i.

Summing over all ground count areas, i
= 1, 2, . . ., k, we get

k

2 m.

Pi
= '-'

k

Snji
i
= l

the variance around p, is

V[p;] = 0,(i-g,)/(n,-l) (1)

However, as sample size approaches population size, variance should be cal-

culated from

V[N] (ni + l)(n2 l)(n,-m) (n2-m)

(m + 1)'(m + 2) (2) (Seber, 1973, p. 60)

where variance is given in numbers and is unbiased when

n, + n2 > N

Sites for shore count stations were chosen in advance and marked with

surveying tape for ease of location by shore observers driving along the highway.
When an inordinate amount of time would be required to get to and from an

observation point, when private property had to be crossed and permission to

trespass could not be obtained, or when shoreline profiles were so low as to

allow viewing only a short distance offshore, sections were not included as

potential ground truth stations. However, the present sea otter range includes

some of the most precipitous coastline of California, and Highway 1 runs directly

along the ocean over most of the sea otter range. In addition, property owners

have been most cooperative in allowing access to sea otter counters. Conse-

quently only about 20% of the sea otter range was excluded from random
selection for shore counting.

Each ground observer was assigned two to three stations, depending on time

involved in getting from one site to the next, and given copies of topographical

maps ( 20mm = 1 60m ) on to which details of kelp beds, rocks, or other promi-
nent features were drawn. The air observers had duplicate maps.
Ground observers occupied stations at least 20 minutes prior to the estimated

arrival of the plane to locate any otters in their area and to draw onto maps the
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visual limits to which accurate counts could be made. Sea otters were noted and

followed until the plane arrived. At this time, otters, along with a concise descrip-

tion as to whether the animal was rafting, swimming or feeding, were marked
on maps. Other animals such as sea lions, seals, etc. or unusual objects were also

marked on maps. This proved useful in relating otters on air and ground maps.
At the end of each day, shore counters and air counters assembled and

compared maps. Inconsistencies were discussed and resolved while memories
were still fresh. This was especially important when otters were moving while

air counts were being made. Such animals could move several hundred yards
in the few minutes it would take air observers to count the area. Consequently,

apparent discrepancies between air and ground maps could often be quickly
resolved by comparing behavior, direction of movement, number of animals,

etc.

Otters were tallied by area as to those seen by air, those seen by ground, and

those seen in common. Mothers with clinging pups or dependent animals carried

on the ventral surface of the mother, were tallied as a single free swimming
animal because such pairs were difficult for aerial observers to distinguish as two
individuals. Clinging pups were analyzed separately (Table 2).

TABLE 2. Number of Clinging Pups Counted from Shore, n^, and Number Seen by Air and

Ground, m, for 14, 15, and 16 June 1976.

Area

I

Day
14 June 76
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TABLE 3. Number of Sea Otters Counted from Shore, 02, and Number Seen by Air and

Ground, m, for 14, 15, and 16, June 1976.

Area Day
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Estimated numbers of otters in each area (95% confidence limits) were 492

(455-534), 694 ( 646-748 ), 593 (548-647) (Table 4). Total number of otters was
1789 (1709-1877). Confidence limits were calculated using equation 1.

However because

n, + n2 > N

variance equation 2 could be used which results in confidence limits about 35%
smaller than those calculated from equation 1 (Table 5).

TABLE 5. Number of Sea Otters with 95% Confidence Limits Using Variance Adjusting

Sample Size Approaching Population Size.

95%
Confidence Limit

Date N lower upper

14 492 466 518

15 694 658 730

16 593 564 622

14-16 1789 1734 1844

The estimated percentage of clinging pups seen by aerial observers was only
7.7%. Of 38 clinging pups observed by ground counters, only three were seen

from the air and all three were seen on the first day of the census. As a result,

the total number of clinging pups could be estimated for the three days com-
bined but not for each day. The estimated number of clinging pups was 1 65 with

the 95% confidence limit going from 80 to an undefined large number. Obvious-

ly with such wide confidence limits, the estimated number of clinging pups could

be off by a considerable amount. However, 38 clinging pups were counted by

ground observers while air observers counted 10 clinging pups in areas with no

ground observers. This gives an absolute lower bound of 48 clinging pups. In

addition, ground observers counted 980 free-swimming animals out of an es-

timated 1789 or 54.8% (Table 4). If clinging pups occur in the same proportion
in and out of ground truth areas, these ground truth counts would have yielded
about 69 clinging pups. This number should be raised to about 80 clinging pups

by adjusting for animals missed by ground observers (Table 1).

The goodness of fit of data to this model was tested using chi-squared analysis.

The actual number of animals seen by both air and ground observers, m,, to the

expected number based upon the overall ratio for each day were compared. A
large chi-squared value would result if the ratio were correlated with time or with

the number of animals occuring in ground areas. However in each case, June,

14, 15, and 16 chi-squared values at p>0.5 were greater than calculated values

indicating that these data could be applied to this model (Table 6).

TABLE 6. Goodness of Fit by Day for 14, 15, and 16 June 1976
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CONCLUSION
Application of methods used in analysis of single mark and recovery studies

to sea otter census data gives a simple and straight forward method of estimating
total population size and a variance of that estimate.

As in actual mark and recovery experiments, several sources of bias are

possible. Population estimates will be low if otters missed from air are more likely

to be missed from the ground than those animals seen from the air. An example
would be animals that are wrapped in kelp and hidden from view. Such animals

would be analogous to individuals in a tagging study that are unavailable to the

capture gear being used. Another source of bias could result if a different

proportion of otters are seen from the air in and out of ground count areas. In

a tagging study, this would be analogous to non-random mixing of marked

animals within the population. A final source of error would result from confu-

sion in identifying those animals that are seen in common by air and ground
observers. This error would not be encountered in a mark and recapture study.

The closest analogy would be tag loss.

All three possible sources of error are unmeasurable. However, an upper limit

can be estimated for confusion of animals between air and ground. The only time

that an animal seen from the air would be confused with one missed from the

air is when ground observers saw the one that was missed from the air but

missed the one that had been seen from the air. In addition both animals would
have to be in close proximity to each other. In ground truth areas, the total

percentage of animals missed by both air and ground observers was 5% (Table

1 ). Consequently, the number of animals involved in confusion would be con-

siderably less than 5%. Nevertheless, this does indicate the importance of keep-

ing ground areas small enough so that observers can count most, if not all,

animals that are not hidden.

Although this model is easily adaptable to concurrent air and ground counts,

it could also be applied to two concurrent ground counts if comparisons of the

two counts can determine those animals that are seen in common. Obviously

accuracy of estimates obtained from this model will be limited by the number
of animals that are hidden from both observers and the ability to relate concur-

rent counts correctly identifying those animals which are seen in common.
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Cleaning behavior is described for the juvenile Panamic sergeant major, Abudef-

duf troschelii (Gill), in association with larger conspecific hosts and with members
of schools of four pelagic host species in the Gulf of California and adjacent waters.

Sergeant majors behaved similarly toward the four pelagic host species: halfbeak,

Hyporhamphus sp.; striped mullet, Mugil cephalus Linnaeus; needlefish, Strongylura

sp.; and wavyline grunt, Microlepidotus inornatus Gill. Individual cleaning se-

quences usually lasted only a few seconds and ended with the host fish darting away
after a few nips by the cleaner. Cleaners often ascended a meter or more into the

water column to meet hosts that had dropped out of the swimming pattern of their

schools. Posing by hosts, if it occurred, was brief and without color change; poses
consisted of simple changes in position of the host's body. It is suggested that

generalist midwater picker-type fishes such as A. troschelii may be particularly

suited for cleaning hosts in schools that are transient components of reef communi-
ties.

A summary of published and unpublished reports of cleaning activity in the Gulf

of California is provided.

The Panamic sergeant major, Abudefduf troschelii, has been observed to

clean fishes in the Gulf of California (Hobson 1968) and marine iguanas in the

Galapagos Islands (Hobson 1969). Nevertheless, little is known of specific

cleaning interactions oiA. troschelii W\i\\ other species, even though it is perhaps
the most abundant reef fish in the Gulf of California. We compare the behaviors

of Panamic sergeant majors in cleaning associations with conspecifics and four

species of inshore pelagic fishes and summarize published and unpublished
observations of cleaning activity among Gulf of California fishes and inverte-

brates.

We observed members of a school of adult halfbeaks, Hyporhamphus sp.,

being cleaned by a group of juvenile (second-year class) Panamic sergeant

majors in July 1976 near Loreto, Baja California Sur, Mexico. The cleaning took

place on several successive days in rocky coves, in water 0.5-^.0 m deep.
Detailed observations were made on one day in a cove where approximately
2(X3 halfbeaks schooled a meter below the surface. Cleaning continued for 3 hr

(1200 to 1500) until the school left the cove and was restricted to areas where

sergeant majors hovered near the bottom. Discrete cleaning stations were not

identifiable. Not all of the school of halfbeaks engaged in cleaning. Some in-

dividuals swam downward from the school as several sergeant majors ap-

proached them from below. The halfbeaks would stop swimming and tilt their

bodies upward at angles from 30° to 90° for a few seconds (see Thomson,
Findley, and Kerstitch 1979, Figure 108). No color changes were observed in the

hosts or the cleaners. Hosts posed for only a few seconds regardless of whether
or not they were cleaned and the flow of the rest of the school was not disrupted.

'

Accepted for publication November 1983.
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Occasionally halfbeaks posed but were not cleaned or inspected and sergeant

majors occasionally nipped at non-posing halfbeaks that would then quickly dart

away. Cleaners started their inspections near the head of the host and worked

back toward the tail. Within seconds after the inspection began and after only

one or two nips by the cleaner, the halfbeak host would jerk away and resume

swimming with the school. The cleaner occasionally nipped at the tail of the

departing host but more often moved on to another halfbeak or swam back

toward the bottom.

Adult striped mullet, Mugil cephalus, were observed being cleaned in a shal-

low cove (less than 2 m) of Playa de las Minitas, ca. 48 km north of Puerto

Vallarta, Nayarit, Mexico in June 1977. The mullet were loosely aggregated in

a small region where about 10 juvenile Panamic sergeant majors occupied a

general cleaning area. Posing mullet assumed a head-down position, their bodies

tilted about 45° from horizontal. No color changes were seen. A cleaner started

its inspection of a host at the head but most nips were on the host's tail region.

Many of the hosts had sores and scars on their bodies suggesting that the

cleaners may have been removing necrotic tissue. Like halfbeaks, the mullet

twitched when nipped by cleaners and darted a short distance away after only
a few seconds of cleaning. In contrast to their usual wariness in non-cleaning
situations the mullet seemed very quiescent and could be easily approached by
observers.

A school of needlefish, Strongylura sp., was seen being cleaned by Panamic

sergant majors in the shelter of a breakwater in Mazanillo Bay, Colima, Mexico,
in the summer of 1977. Both hosts and cleaners were large juveniles. A distinct

cleaning pose was not as evident as the poses of the halfbeaks and mullet, but

during cleaning a needlefish would sometimes arch its back with its head and

tail raised. The host school maintained an active swimming pattern except for

individuals that stopped swimming to be cleaned. Cleaners nipped hosts mostly
in the tail region. Like the other hosts, needlefish showed a twitch-and-dart

reaction after only a few nips.

These superficial grooming interactions are similar to those reported for the

needlefish, Strongylura fodiator, host and barberUsh, Johnrandallia [= Henio-

chus] nigrirostris, cleaner in the southern Gulf of California ( Hobson 1 965 ) . Most
of the host species that Hobson (1965) observed had to seek out cleaners at

stations among the rocks, but for needlefish the cleaners would leave the bottom

and service hosts in midwater or even at the surface. Another pelagic schooling

fish, the sierra mackerel, Scomberomorus sierra, sometimes descended to the

barberfishes' cleaning stations, but only stayed for a short time before rejoining

its fast-moving school. The sergeant major, like barberfish, may facilitate clean-

ing of pelagic hosts by swimming up to meet them in the water column.

A school of wavyline grunts, Microlepidotus inornatus, was observed being
cleaned by three or four yearling sergeant majors in the summer of 1982. Twelve
to fifteen adult grunts schooled in a clear sandy cleaning area surrounded by
rocks in 1 .5 m of water. Some grunts postured vertically with head down during

cleaning; others simply remained motionless. All the grunts displayed normal

light coloration while being cleaned, except for the largest individual, which
darkened considerbly and erected its dorsal fin. A sergeant major would swim

up and inspect the entire host, nipping at areas around the head, trunk, and tail.

Occasionally the host would jerk suddenly away after it was nipped.
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Several features were common to all of the cleaning interactions between

Panamic sergeant majors and their hosts. In each case a group of sub-adult

sergeant majors cleaned members of a host school of more or less silvery,

elongate, pelagic fishes that are normally transient members of the reef commu-

nity (Thomson, Findley and Kerstitch 1979). Cleaners often ascended into the

water column to meet hosts. Cleaning took place in generalized cleaning areas

located within protected coves or breakwaters. Specific cleaning sequences

were short (2 or 3 s) and ended with a nip or two on the host's tail region as

it jerked away. Posing, if it occurred at all, was brief and usually without color

change.
On two occasions during the summer of 1980 juvenile Panamic sergeant

majors were seen cleaning a group of larger conspecifics. Both incidents oc-

curred in less than 2 m of water near small islands (Isia Parga and Isia Coyote)
in Bahia Concepcion, Baja California Sur. At each location one small juvenile

cleaned the trunks and caudal peduncles of larger conspecifics, some of which

were slightly darkened in color. Several individuals posed at the same time,

remaining motionless with their heads tilted slightly downward while the rest of

the group hovered in a restricted area near the bottom. Several times territorial

Cortez damselfish, Eupomacentrus rectifraenum, charged the group and forced

it to scatter but it quickly regathered each time.

The cleaning associations of sergeant majors are generally less habitual than

those of some tropical cleaner wrasses of the genus Labroides in Hawaii ( Feder

1966, Losey 1971). They are, however, similar to the cleaning interactions

between barberfish and their pelagic hosts in the Gulf of California (Hobson

1965). The tail-down pose of Hyporhamphus is similar to the pose displayed by

atherinids posing to be cleaned by zebra perch, Hermosilla azurea, and opaleye,

Girella nigricans, in southern California (Hobson 1971, DeMartini and Coyer
1 981 ) . These cleaner species feed on a broad diet of benthic and midwater prey

and Hobson ( 1 968, 1 971 ) suggested that this may enable them to readily modify

their foraging behavior for cleaning. A picker-type forging strategy combined

with part-time midwater habits may make such cleaners especially accessible to

pelagic schooling species.

Given the abundance of A. troschelii on Gulf of California reefs and the

relative rarity of cleaning by them it seems likely that either a few individuals

clean habitually or else a larger number clean for limited portions of time. This

is apparently the general pattern among picker-type species with moderate to

large population sizes, such as the seiiorita, Oxyjulis californica (Hobson 1971 ),

rock wrasse, Halichoeres semicinctus (Hobson 1976), and opaleye, Girella

nigricans (DeMartini and Coyer 1981 ). Although the forging behavior of these

species is probably easily adaptable to cleaning behavior, it would seem impossi-

ble for the entire population of a locality to make a living by cleaning. Therefore,

cleaning by only a small portion of the population at a given time and place might

be the only stable cleaning strategy. DeMartini and Coyer ( 1 981 ) suggested that

one benefit of this type of food specialization is that it may allow greater

population densities without a marked increase in intraspecific competition.

Like many other cleaner species v^orldwide (Feder 1966) and in the Gulf of

California in particular (Table 1 ), the juveniles or sub-adults of A. troschelii are

the only members of the species known to clean. Moreover, smaller juveniles

were observed to clean larger conspecifics. This fits the general pattern in

cleaning associations, in which cleaners are smaller than and pose little threat

to their hosts (Feder 1966).
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Aside from descriptions of the cleaner, Johnrandallia nigrirostris, the barber-

fish (Hobson 1965, 1968), and a note on facultative cleaning behavior by several

species of invertebrates and fishes (Reynolds 1977), few details have been

published regarding cleaner habits in the Gulf of California. Nevertheless, clean-

ing is widespread in the Gulf and involves a wide diversity of hosts and cleaners,

both vertebrate and invertebrate (Table 1). More cleaning activity has been

reported among the more diverse fauna of the central and southern portions of

the Gulf, but this may be due in part to a lack of diving observations in the

relatively murky waters of the northern Gulf. With the possible exception of the

banded cleaner goby, Elacatinus digued (A. Kerstitch, pers. commun.) there are

no cleaners in the Gulf of California that clean as habitually as many other

tropical species (see Feder 1966). Further observations of cleaning in this unique

region should add to an understanding of the nature and biogeography of

cleaning associations in general.
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Comparisons of cattle ranges and areas without cattle were made from May-

August 1979 in montane regions of San Diego County, California. Spotlight transects

found significantly fewer southern mule deer, Odocoileus hemionus fuliginatus, in

meadows where cattle grazing occurred than in similar areas where cattle were

prohibited. Deer pellet groups were found significantly more often on ranges with-

out cattle than on ranges with them. Vegetative sampling indicated that total cover

of plants was significantly greater in meadows where cattle were absent. The diet

of cattle substantially overlapped that of deer. Three important deer forage species

were absent from cattle ranges, and others present exhibited significantly more use

than in meadows without cattle. Cattle grazing also may limit deer numbers by

reducing dense patches of Muhlenbergia rigens used for cover during the fawning

period.

INTRODUCTION
The importance of competition between mule deer, Odocoileus hemionus,

and cattle has been the subject of considerable debate (Urness 1976). Many
authors have contended that only slight competition occurred (Stoddart and

Rasmussen 1945; Julander 1955; Swank 1958; Skovlin, Edgerton, and Harris

1968), whereas others reported considerable overlap in the diet of these her-

bivores (Dixon 1934, Martinson 1960, Tueller and Monroe 1975). Overlap in

forage preference may be unimportant on lightly-stocked cattle ranges ( Leopold

etal. 1951, Mackie 1970, Dusek 1975), but heavy cattle grazing has the potential

to adversely affect deer populations (Longhurst, Leopold, and Dasman 1952;

Mackie 1981). However, as Mackie (1976) noted, quantitative data necessary

to assess the effects of competition between cattle and deer often are lacking.

Subjective observations made along roadways from 1977-1979 and during a

helicopter flight in spring 1979 revealed a conspicuous absence of nonmigratory

southern mule deer, O. h. fuhginatusi, on cattle ranges in montane San Diego

County, California, but deer were plentiful on nearby areas without cattle. Thus,

a quantitative investigation of similar deer and cattle ranges was undertaken

during late spring to mid-summer (May-Aug.) to test for differences in forage

utilization on these areas and to compare the number of deer found on each type

of range.

STUDY AREA
Four natural meadows in the Laguna and Cuyamaca Mountains were selected

^
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as typical cattle ranges. Seven similar meadows within Cuyamaca Rancho State

Park were chosen as representative areas without cattle. Two meadow systems
where cattle were pastured adjoined Park land, and none were more than 20

km from the Park. Elevations of the meadows ranged from 1400-1670 m. Soils

were alluvial sandy loams derived from schist parent materials (Oberbauer

1978). The mean annual temperature at 1418 m in the Park was 12°C; annual

precipitation averaged 88 cm (Bowyer 1981).

Meadows were characterized by annual grasses and forbs, including Bromus

tectorum, B. diandrus, Avena barbata, Festuca octoflora, Erodium cicutarium,

Ambrosia psilostachya, and Eriogonum gracile. Oberbauer (1978) and Bowyer
and Bleich (1980) provide a more complete description of meadows and sur-

rounding vegetative types of this area. Longhurst et al. ( 1 952 ) rated cattle ranges

in this area as "overgrazed," and based on vegetative and soil conditions we
rated them as poor. Public hunting was prohibited on all areas, but some cattle

ranges may have been hunted by private landowners.

METHODS
Standardized spotlight transects (Progulske and Duerre 1964, McCullough

1982) were conducted from sundown to 0100 hours PST during June-August
1979 on cattle ranges and similar areas without cattle to determine deer use. The

time at which a given meadow was spotlighted was rotated with each sampling
effort to help neutralize the influence of temporal changes in deer and cattle

activity patterns on estimates of animal abundance.

A modification of the step-point method (Evens and Love 1957) was used to

sample percent cover and percent relative frequency of meadow vegetation

during June 1979. Starting points were selected using a random numbers table

and grid; initial direction of travel was determined by flipping a coin twice, and

transects were aligned with a compass. The distance between step-points was

five paces (approximately 4 m), and transects were located 20 paces (approxi-

mately 16 m) apart. Biases from foot placement were avoided by having sam-

plers keep their eyes on the horizon and not look downward until their foot was

in place for each sample. Personal errors in point sampling are only important

in tall vegetation (Kershaw 1964). This problem was not important on our study

areas because forbs and grasses were typically low-growing. To reduce sampling

time, a line drawn on the toe of a boot was used in place of a pin. One drawback

to point sampling is that estimates of abundance are exaggerated as pin diameter

is increased (Kershaw 1964). We minimized this bias by using a thin line ( <
1 mm). Percent cover was determined by noticing the first portion of a plant

"hit" by this thin line on the boot. Frequency was tabulated only for those "hits"

that struck the base of herbaceous plants. Where absolute measures of cover are

required, an optical cross-wire apparatus must be used (Kershaw 1964).

However, as long as size is held constant, small points provide reliable estimates

of abundance for comparisons between areas (Kershaw 1964).

Deer and cattle utilization of meadow vegetation was determined by estimat-

ing the amount of forage available on a given plant and noting the actual number
of "bites" already removed (Mackie 1970). Wallmo et al. (1979) found that

hand-plucked samples of simulated "bites" varied little from relative intake

based on measurements of bites removed by feeding deer. Each plant "hit", by
a step-point was examined for animal use, thereby providing an estimate of the
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percent of total plants utilized as well as the percent of each plant removed. The

only forage species counted were those that showed utilization by cattle and
deer. Those not used were designated "other species".

Wallmo et al. (1973) reported that feeding-site inspections did not produce

appreciably different estimates from bites removed by grazing deer for frequent-

ly occurring forage species, but that the use of less common plants was estimated

poorly. They also suggested the most important source of error in their sampling
was the inability to distribute their feeding-site sample plots in a proper relation-

ship to the distribution of deer grazing. This may have occurred because sam-

plers followed arbitrarily chosen deer trails within an enclosure and located a

30 X 30 cm plot at three pace intervals. This design clearly will not provide
random samples and, by their own admission, inadequate sample sizes probably
resulted in errors for some species. A major source of error in their data came
from rare shrubs with uneven distributions. Another factor not discussed was the

selection of quadrat size, which is known to have a profound influence on

frequency data (Kershaw 1964).

Fortunately, herbaceous meadow vegetation on our study areas exhibited a

relatively even distribution when compared with shrubs that resulted in errors

in other data sets (Wallmo et al. 1973). Samples were collected only in mesic

portions of meadows. We overcame problems of distribution by randomized

sampling, and errors associated with quadrat size were avoided by plotless

step-point samples. Adequate sample sizes were insured for forage species in

each meadow by stabilizing their means (Kershaw 1964).

It was not possible to distinguish between grazing by cattle and deer on cattle

ranges. However, deer occurred on these ranges so infrequently that this source

of error was minimal. Although our estimates of forage removal by deer and
cattle may vary from actual amounts removed by grazing animals, they do

provide a standardized methodology for a relative comparison of different

ranges.

Forage preference ratings were calculated in the manner described by Pe-

trides ( 1 975 ) . Additionally, a record of the number of deer pellet groups encoun-
tered during vegetation sampling was used as a relative index to the abundance
of deer. A two-sample Z-test for proportions was used to compare frequency
data, and a t-test was used for comparing means (Remington and Schork 1970).

RESULTS
One hundred seventy one ha of cattle range from four meadow systems and

233 ha from seven meadows without cattle were spotlighted between four and
six times each. Three deer and 166 cattle were found on cattle ranges, whereas
212 deer were tallied during spotlight counts of meadows where cattle were

prohibited. Mean densities of two deer (SD =
1, range = 0-12) and 97 cattle

(SD = 69, range = 0-684) per 100 ha were found for cattle ranges, while a

mean of 22 deer (SD = 10, range = 0-217) per 100 ha occurred on areas

without cattle. A significant difference existed between the mean number of deer
in meadows where cattle grazing was permitted and meadows where it was not

(t = 8.89, P < 0.001, 53 d.f.). Deer pellet groups were significantly less frequent
(Z = 14.04, P < 0.001, 1 d.f.) on cattle ranges (N = 3) than on areas without
cattle (N = 205).

Twelve hundred sixty three plants were examined for signs of utilization on
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cattle ranges, and 2434 plants were inspected on meadows without cattle. Either

percent cover or percent relative frequency for deer forage species was signifi-

cantly lower on cattle ranges than on meadows where cattle were absent (Table

1). Summations of percent cover (Z = 11.88, P < 0.001, 1 d.f.) and percent
relative frequency (Z = 15.36, P < 0.001, 1 d.f.) of deer forage species were

significantly greater on areas without cattle. Additionally, total percent cover and

frequency were lower on cattle ranges than on areas without cattle (Table 1 ).

A 50% overlap occurred in the plant species utilized by deer and cattle in

meadows. Three forbs important in the diet of deer (Cilia caruifolia, Lactuca

serriola, and Sisymbrium altissimum) were absent from cattle ranges and may
have been eliminated by grazing. If this was the case, the diet of cattle over-

lapped that of deer by 100%. Additionally, a significantly greater percentage of

all Erodium cicutarium, an important forage species for both deer and cattle, and
a larger proportion of each plant were utilized on cattle ranges than on areas

without cattle (Table 1).

TABLE 1. Percent Cover, Relative Frequency, and Utilization of Forage Plants in Mountain
Meadows With and Without Cattle in San Diego County, California, June, 1979.

S = P <.05(Z-test).

Percent cover

Deer With Without

Forage Species cattle cattle P

Bromus tectorum 9.7 19.7 S

Corethrogyne filagini-

folia 0.6 1.7 S

Erodium cicutarium .... 6.3 6.8

Cilia caruifolia 0.0 0.3 S

Lactuca serriola 0.0 0.5 S

Sisymbrium altissimum 0.0 2.2 S

Subtotal 16.62 31.2

Cattle

Forage Species

Astragalus sp 0.8 <0.1 S

Carex sp 1.2 1.2

Ranunculus sp 0.5 0.0 S

Sidalcea malvaeflora 1 .6 0.2 S

Subtotal 4.1 1.4

Other Species 52.4 47.8

No Vegetation 26.9 19.5 S

Total 100.0 100.0

N 1728 3024

Percent

relative

frequency

With Without

cattle cattle P

Percent of each

species showing
utilization

With Without

cattle cattle P

Percent of each

plant utilized

With Without

cattle cattle P

1.0

0.2

0.7

0.0

0.0

0.0

1.9

0.1

0.3

<0.1

<0.1

0.6

24.3

73.2

100.0

7.6 S

1.0

2.7

0.1

0.2

0.8

12.4

<0.1

0.3

0.0

0.1

0.5

24.0

63.1

100,0

1.1

6.7

32.4

0.0

0.0

0.0

0.2

1.2

14.9

18.2

4.8

39.6

35.7 <0.1 S

33.3

43.3

0.0

0.0

0.0

15.0

21.2

58.3

8.3

47.6

12.5

24.0

11.1

32.1
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without _attle than on the portion where ^attle grazing was permitted (Z = 4.38,

P< 0.001, 1 d.f.).

TABLE 2. Differences in Composition of Deer Forage Species on the Same Meadow Divided

into Areas With and Without Cattle by a Fence, San Diego, County, California,

June 1979. S =_P< .05 (Z-test).

Percent relative

Percent cover Frequency
With Without With Without

Plant species Cattle Cattle P Cattle Cattle P

Bromus tectorum 6.0 22.0 S 0.9 5.8 S

Corethrogyne filaginifolia 1.9 0.9 0.9 0.9

Erodium cicutan'um 0.5 7.2 S <0.1 2.1 S

Cilia carulfolia 0.0 1.6 S 0.0 0.2

Lactuca serriola 0.0 0.9 S 0.0 0.5

Sisymbrium altissimum 0.0 2.2 S 0.0 0.8

Other Species 61.0 37.2 S 21.6 14.5 S

No Vegetation 30.6 28.0 76.6 75.2

N 432 432 432 432

Quantitative ratings of forage preference and importance (Table 3) indicated

Carex sp. received the highest preference rating for cattle while G. caruifolia and
5. altissimum were highly preferred by deer. Species with preference ratings

above 1.00 were those sought by deer or cattle as forage; those with ratings

below 1.00 were avoided (Petrides 1975). 5. altissimum and E. cicutan'um

received high importance ratings for deer in areas without cattle, whereas E.

cicutan'um, Carex sp., and Sidalcea malvaeflora were the most important forage

species on cattle range. The absence of 5. altissimum from cattle ranges, com-
bined with the heavy use of E. cicutan'um on these areas, may explain the low
use of cattle ranges by deer.

DISCUSSION

Extremely low densities of southern mule deer on ranges where cattle were

pastured in spring and summer, and an abundance of deer on similar ranges
without cattle, suggest that cattle use of mountain meadows may limit deer

numbers. One explanation of this phenomenon is that cattle grazing reduced or

eliminated important forage species for deer. The absence of three forbs pre-
ferred by deer, and heavy utilization of E. cicutarium on cattle ranges, support
this contention (Tables 1-3).

Although mule deer often are thought of as browsers, they require succulent

forage for optimum growth and productivity, especially during spring (Short

1981 ). Visual evidence of heavy cattle grazing on succulents in meadows and

riparian zones is apparent throughout the Laguna and Cuyamaca mountains. The
same observation was made over 30 years ago (Longhurst et al. 1952).

Cattle may limit deer populations by means other than direct competition for

food. Photographs documenting cattle grazing in Cuyamaca Rancho State Park

in the mid-1 950's indicated that stands of Muhlenbergia hgens, used by deer for

concealment were badly damaged, but recovered once cattle were removed
and further cattle use prohibited ( Bowyer and Bleich 1 980) . Parturient does and
newborn fawns were found consistently in and around tall (1-1.5 m) stands of

M. rigens during June and July (Bowyer and Bleich 1980). Dense stands of M.
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rigens found within Cuyamaca Rancho State Park are absent from catth

in the Laguna and Cuyamaca mountains, and we contend that cattle

probably eliminated valuable cover for does with fawns. Holl ( 1 976) sl

that an absence of suitable cover on key summer ranges resulted in in

predation of neonate fawns which may have suppressed recruitment ir

of California mule deer, O. h. californicus. Salwasser, Holl, and Ashcrafi

hypothesized that although coyotes. Cam's latrans, were the principal
death for fawns in the North Kings herd, the effect of predation on d
intensified by factors related primarily to habitat quality. Stocking I

livestock also are known to influence deer productivity. McKean and B,

(1971) and Mackie (1976) reported that fawn mortality was significant!

on heavily grazed pastures than on those receiving moderate use.

We never observed deer and cattle together. Deer are thought to

avoid cattle in some areas (Mackie 1981 ), but the role of social intera(

effecting the near absence of deer on cattle ranges in San Diego G
uncertain. Current cattle stocking rates, which contribute to the ren

important forage and cover plants for deer, may be sufficient to explain
deer use of cattle range in these mountain meadows. Although reliable i

tion on the number of cattle using meadows was unavailable, cattle r

recorded in spotlight counts apparently were high enough to limit dee
cattle range.

Whatever the cause, southern mule deer occurred in comparative
numbers on cattle ranges while they were abundant on nearby areas

cattle. Clearly, more research is needed to develop livestock manageme
tices that will alleviate the adverse effects of cattle on deer and their habi

is a critical necessity for the successful management of southern mule

large amounts of public land are leased for cattle grazing in San Diego
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NOTES

MORTALITY IN CALIFORNIA MULE DEER AT A DRYING
RESERVOIR: THE PROBLEM OF SILTATION AT WATER

CATCHMENTS
During a 5-day period beginning 24 August 1981, two adult female California

mule deer, Odocoileus hemionus californicus, and one fawn were discovered

entrapped in mud (24, 25, 28 August, respectively) while apparently attempting
to drink from a small drying reservoir on Santa Catalina Island, California. Both

does were lying on their sides (Figure 1 ), and were near death when examined.
A circular pattern of disturbance in the mud around these animals revealed that

they had struggled intensively in an attempt to free themselves. They were

capable of only slight head and body movements when prodded, and made
feeble attempts to vocalize. The fawn was found dead, lying in a similar position
as the does, but its head was totally immersed in the mud.

FIGURE 1. Adult doe trapped in mud on the fringe of a reservoir on Santa Catalina Island,

California, 25 August 1981.

The climate of Santa Catalina Island is classified as Mediterranean, character-

ized by hot, dry summers and mild, damp winters (Trewartha and Horn 1980);
rainfall averages approximately 31 cm/yr (Dunkle 1950).
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A number of seasonal water sources were available for use by deer on Catali-

na until early summer, when they began to dry. Water then became limiting, and
deer actively sought scattered seeps and man-made reservoirs to meet water

requirements. The particular reservoir where the deer became trapped provided
the only water source in an area of approximately 5 km^ Extensive siltation had
occurred in the 20 years since it was constructed. Deer of both sexes and all age
classes were observed at this reservoir during July and August 1981.

Free water is important for maintaining a favorable water balance in mule deer

occupying hot, arid habitats (Short 1981 ). This demand for free water appears
to be a function of both ambient temperature (Longhurst et al. 1970) and
moisture content of the available forage (Verme and Ullrey 1972). In areas

where water is scarce or poorly distributed, range use by mule deer decreases
with increasing distance from water (Wood e^ al. 1970), and drought, as a

function of the relation between water availability and forage quality, can lead

to declines in local deer populations (Anthony 1976).

The construction of water catchments is a common management tool used
to improve habitat quality for wildlife on arid ranges. Wood et al. (1970)
documented that substantial increases in mule deer population density occurred
with water development. When water development involves the construction

of earth dam tanks or reservoirs in areas where siltation is a problem, it should
be recognized that a potential hazard exists for wildlife, as was graphically
demonstrated by these observations on Santa Catalina Island. Periodic removal
of accumulated silt deposits would rectify the problem and recharge the holding

capacity of these catchments.
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RECORDS OF GOOSEFISHES (FAMILY: LOPHIIDAE,
GENUS LOPHIOOES) FROM CALIFORNIAN WATERS

The family Lophiidae, comprised of four genera, has a worldwide marine

distribution occurring in all but Antarctic seas (Caruso 1981 ). Only two species

of the genus Lophiodes, L caulinaris (Carman) and L. spilurus (Carman), occur

in the eastern Pacific Ocean. Lophiodes spilurus is known from California from

a single specimen trawled in "the vicinity of Santa Barbara" in 1958 and dis-

cussed under the nomen Chirolophius spilurus by Fitch and Lavenberg (1968 p.

122). This specimen is also the basis for inclusion of the species in the Hubbs,

Follett, and Dempster (1979) "List of the fishes of California" (Lillian J. Demp-
ster, Calif. Acad. Sci., pers. commun.). The aforementioned specimen, actually

collected along the edge of Hueneme Canyon (ca. lat 34''05' N), from 130 fm,

on 9 July 1958, is accessioned at Scripps Institution of Oceanography, SIO

58-220, and measures 294 mm tl.

On 24 April 1979, a lophiid, 247 mm TL, was taken off Morro Bay by the F/V

RESTLESS C II, a rockfish trawler, from 80 fm and subsequently identified by

Lehtonen as Lophiodes caulinaris. This represents the first documented capture

of the species from Californian waters. The specimen is deposited in the Natural

History Museum of Los Angeles County, LACM 38460-1.

On 10 February 1983, a large goosefish, 354 mm tl, was trawled by the F/V

NEW MISS ENEZ 13 nautical miles SW of Santa Cruz (ca. lat 36°48' N, long

122°12' W), between 260-330 fm; the vessel was fishing over sandy bottom for

Dover sole, Microstomus pacificus. We identified this specimen as the second

California record of L spilurus; it is now deposited at the Natural History Mu-

seum of Los Angeles County, LACM 43535-1.

The distribution of Lophiodes in the eastern Pacific is primarily tropical (Caru-

so 1981 ). It is of interest that the two most recent California captures of Lophi-

odes are from north of Point Conception (lat 34°27'N), a well-known faunal

boundary.
Relevant character states and morphometry are included in Table 1 for the

three Californian specimens.

TABLE 1. Character States and Measurements for Lophiodes from California (Terminology

and methods follow Caruso 1981).

L. spilurus L. caulinaris

CHARACTER STATE SIO 58-220 LACM 43535-1 LACM 38460-1

Pectoral fin ray (L/R) 17/18 16/17 18/18

Caudal spotting absent absent 6 L, 5 R

Esca simple damaged damaged; esca missing

Third dorsal spine (DS3) w/o tendrils w/o tendrils w/tendrils

MEASUREMENT in mm (percent SL)

Standard length 205.6 257.8 178.4

Head length 75.1 (36.5) 103.9 (40.3) 65.5 (36.7)

Taillength 67.7 (32.9) 73.7 (28.6) 55.4 (31.1)

Total length 294 (143.0) 354 (137.3) 247 (138.5)

First dorsal spine (ID 59.1 (28.7) 75.9 (29.4) 34.8 (19.5)

Second dorsal spine (DS2) 47.5 (23.1) 58.4 (22.7) 38.9 (21.8)

Third dorsal spine (DS3) 61.4 (29.9) 64.4 (25.0) 47.7 (26.7)
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BOOK REVIEW

Worldwide Furbearer Conference Proceedings

Edited by Joseph A. Chapman and Duane Pursley; Worldwide Furbearer Conference, Inc., Book

Distribution Center, 1111 East Cold Spring Lane, Baltimore Maryland 21239; 1981; 2056 pp;

$60.00

These three volumes contain the papers presented at the Worldwide Furbearer Conference held

3-11 August 1980 in Frostburg, Maryland. These proceedings represent a comprehensive treatment

of all aspects of furbearer research and management. The conference included 14 sessions with 110

papers presented during its nine days. The sessions ranged in topics from systematics, zoo-geography

and evolution through behavior and concluding with man's impacts on furbearers in the form of

depredation control and harvest. Papers were presented by researchers from Europe, Africa, Aus-

tralia and North America. Over 20 countries were represented. Regardless of the country, the

conference contributors clearly demonstrated a worldwide concern for furbearers and a desire to

increase men's knowledge of all facets of furbearer biology. Whether it was the biologist from Turkey

describing the status of Turkish furbearers, or the researcher from California discussing the usefulness

of chemicals to attract or repel coyotes, this general theme was carried throughout this document.

These three volumes were extremely well-edited. The entire work is an excellent example of how

the proceedings of a scientific conference should be assembled. Photographs were well chosen and

tables concise and informative. Many papers contained extensive listings of cited literature that will

further guide the reader who wishes to seek further information about a specific aspect of furbearer

biology. This level of excellence was consistent throughout this extensive work and is a tribute to

the contributors as well as the editing staff.

Three papers were chosen from the proceedings to provide examples of the extensive treatment

of furbearer biology in this work. Serious researchers will appreciate papers such as "Host-Parasite

Relationships in Wild Canidae of North America I" presented by J. W. Custer and Danny B. Pence

which describes in detail the ecology of helminth infections in the genus Canis.

Wildlife managers can choose from a number of informative presentations to assist them in their

missions. An example of such a paper is the "Practicality of Reducing a Beaver Population Through

the Release of Alligators" by Dale H. Arner, Carl Mason and Carroll J. Perkins. While this technique

may be restricted to wildlife managers in areas such as Mississippi, managers in the western U. S.

with beaver depredation problems can at least envy them. Wildlife agency policymakers can benefit

from the paper "Trappers and Trapping in American Society" by Stephen R. Kellert. The information

in this presentation is important to maintaining trapping as a legitimate use of the furbearer resource.

While this information may not convince active anti-trappers/anti-hunters, it will influence people

not already strongly committed on this issue and help reduce trapping and hunting abuses.

In summary, these proceedings will be a welcome addition to the library of any scientist studying

furbearers, biologists managing furbearers, or policymakers who must make decisions regarding

furbearer management.—Frank Wemette
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Dermacentor occidentalis: 11-17

Dermacentor parumapertus: 12

Dermacentor variabilis: 11-17

Diaptomus franciscanus: 18-21, 32-38

Dinobryan sertularia: 70

Dipodomys californicus: 58

Enhydra lutris gracilis: 90

Enhydra lutris lutrus: 89-100, 225-233

Entosphenus folletti: 126

Entosphenus hubbsi: 121-127

Entosphenus tridentatus: 123-127

Eucyclops agilis: 36

Felis concolor: 1 1-14

Galeocerdo cuvier: 175

Gammarus lacustris: 5-6

Gasterosteus aculeatus: 145-157, 167-172

Gopherus agassizii: 11-13

Hyalella azteca: 43

Hyporhamphus sp.: 234-239

Hysterocarpus traski: 145-157

Flyspypops rubicunda: 158

Isurus oxyrinchus: 177

Ixodes neotomae: 11-14

Ixodes pacificus: 15-17

Ixodes sculptus: 11-15

Ixodes texanus: 11-15

Keratella cochlearis: 18-23

Lampetra tridentatus: 186-188

Lavinia exilicauda: 155

Lepidochelys olivacea: 60-62

Lepomis cyanellus: 145-154

Lepomis microlophus: 145^157

Lophiodes caulinaris: 250

Lophiodes spilurus: 250

Macrocyclops albidus: 36

Martes americana: 11-13

Menida beryllina: 145-157

Microlepidotus inornatus (Gill): 234-239

Micropterus salmoides: 150

Micropterus salmoides floridanus: 59-60

Micropterus salmoides salmoides: 59-60

Morone saxatilis: 145-157, 180-182, 190-192

Mugil cepphalus: 181, 234-239

Mylopharodon conocephalus: 145-157

Neotoma lepida: 12

Neotoma sp.: 11-13

Nymphon pixellae: 132-139
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Odocoileus hemionus: 12, 53-57, 83-85

Odocoileus hemionus californicus: 246, 248-249

Odocoileus hemionus columbianus: 11-12, 78-88, 183

-186

Odocoileus hemionus eremicus: 53-57

Odocoileus hemionus fuiiginatus: 53-57, 240-247

Odocoileus virginianus: 81-83

Oligocattus maculosus: 158

Onchorynchus tschawytscha: 197

Oregonia gracilis: 132-139

Ornithodoros parkeri, 11-15

Orthodon microlepidotus: 145-157

Othocyclops modestus: 36

Ovis canadensis: 12

Pagurus armatus: 132-139

Panalabrax maculatofasciatus: 181

Pandalus danae: 132-139

Pandalus jordani: 132-139

Paralichthys californicus: 181

Pogonichthys macrolepidotus: 145-157

Pomoxis annularis: 145-157

Pomoxis nigromaculatus: 154

Procladius bellus: 39-52

Procyon lotor: 15

Pteromyzon marinus: 187

Ptychocheilusgrandis: 145-157

Reithrodontomys raviventris: 113-120

Reithrodontomys raviventris halicoetes: 113-120

Reithrodontomys raviventris megalotis: 113-120

Reithrodontomys raviventris raviventris: 113-120

Scomberomorus sierra: 225

Sebastes carnatus: 159

Sebastes chrysomelas: 158-162

Sebastes diploproa: 210-224

Sebastes flavidus: 158

Sebastes mystinus: 158

Sebastes pinniger: 210-224

Sicyonia ingentis: 132-139

Spermophilus spp.: 15

Spirontocaris holmesi: 132-139

Spirontocaris lamellicornis: 132-139

Strongylura sp.: 235

Sus scrofa: 140-144

Sylvilagnus nuttallii grangeri: 12

Thunnus alalunga: 63-64

Thunnus albacares: 62-64

Thunnus obesus: 62-64

Thunnus thynnus: 62-64

Umbrina roncador: 181

Urocyon cinereoargenteus: 11-14

Ursus americanus: 163-166
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